Tuberculosis (TB) among young children represents recent transmission and is a marker for TB control. 1 Children and adolescents with latent TB infection also represent a pool of future disease. In the United States, routine tuberculin skin testing for TB infection is not recommended because of the low incidence of TB disease. 1, 2 Instead, TB risk assessment during well-child visits and other clinical encounters is encouraged. Such assessments help determine which children and adolescents may benefit from targeted testing for and treatment of latent infection to prevent development of TB disease. Validated TB risk questionnaires assess whether family members or close contacts have TB infection or disease, and whether the child was born in a TB-endemic country or has traveled outside the United States and had contact with populations where TB is endemic. 1, 3, 4 Although health care providers may be able to assess risk factors for individual patients, these data for pediatric TB cases have been unavailable at the national level until now.
TB is a nationally notifiable disease in the United States. Cases verified according to a standard case definition 5 are reported electronically by health departments to the Centers for Disease Control and Prevention (CDC). The CDC maintains the US National TB Surveillance System, which has collected detailed demographic and clinical data on TB cases since 1993. 2 Beginning in 2009, data are now reported regarding whether patients have an epidemiologic link to another verified TB case, and whether cases are identified through contact investigation, targeted testing for TB infection, incidental findings in an asymptomatic patient, or evaluation of clinical signs and symptoms. Since 2009, data for pediatric patients (,15 years old) also include parent or guardian countries of birth and history of having lived outside the United States. We examined characteristics of children and adolescents diagnosed with TB in the United States during [2008] [2009] [2010] , and results of analyses of newly available national data for pediatric and adolescent TB surveillance during 2009-2010.
METHODS
Analyses included all persons ,18 years old with a verified case of incident TB disease reported to the CDC from January 1, 2008, through December 31, 2010, by the 50 United States and the District of Columbia. We examined TB case frequency by US Census Bureau categorization of US-or foreign-born origin (anyone not a US citizen at birth is considered foreignborn) 6 according to patient age, gender, race and ethnicity per self-report or parental report (Hispanic, or nonHispanic white, black, Asian/Pacific Islander, American Indian/Native Alaskan), disease site (pulmonary, extrapulmonary, or both), hierarchical TB verification criteria (ie, [1] positive culture or [2] nucleic acid amplification test for Mycobacterium tuberculosis, [3] positive smear or examination for acidfast bacilli, [4] clinical confirmation by tuberculin skin test or interferon g release assay results and chest radiograph or scan, or [5] provider diagnosis in the absence of clinical results), HIV infection status (positive, negative, or not reported to TB surveillance), and TB drug resistance pattern (no known resistance, isoniazid resistance, or isoniazid and rifampin resistance [multidrug-resistant (MDR) TB]). We reported P values comparing patient characteristics by using x 2 tests, or when cell sizes were ,5, Fisher' s exact tests. We compared mean age by using t tests. For foreign-born children and adolescents, we examined age at US arrival and age at TB diagnosis by country of origin. Analyses were approved by the CDC as routine public health surveillance, which does not require institutional board review.
We analyzed data newly available in 2009-2010 regarding the primary reason persons ,18 years were initially evaluated for TB disease and whether they had epidemiologic links to another patient with TB (Fig 1) . We identified what proportion of cases among children and adolescents had identical TB strains as an epidemiologically linked case, defined as matching M tuberculosis genotypes based on spoligotype and 12-locus mycobacterial interspersed repetitive units; both methods are used routinely in national TB surveillance and have .95% discriminatory power. [7] [8] [9] [10] Matching TB genotypes may indicate that 2 cases are in the same chain of disease transmission; however, no information was available regarding whether the reported epidemiologic link was considered a source case, simultaneously exposed person, or unrelated in the chain of transmission.
For pediatric patients, we analyzed variables newly available in 2009-2010: countries of birth for parents or guardians, whether patients lived outside the United States for .2 months, and countries outside the United States where pediatric patients resided. These data are limited to children ,15 years old because data on parents/ guardians and international residence are only collected on this subset of patients with TB (Fig 1) . We refer to parent or primary guardian as parent. (Fig 1) , 822 (31%) were foreign-born and 1826 (69%) were USborn. Foreign-born patients were older (11.0 years versus 5.5 years, P , .0001) and more likely to have pulmonary disease than US-born patients (72% vs 67%), who were more likely to have extrapulmonary or combined pulmonary and extrapulmonary presentation (Table 1 ). More than half of US-born patients (52%) were Hispanic compared with 30% of foreign-born patients. Just over one-third (36%) of foreign-born patients were Asian or Pacific Islander compared with 13% of US-born patients, whereas non-Hispanic black patients made up 25% of US-born and 30% of foreign-born patients. A larger proportion of foreign-born patients had results reported for HIV status (59%) than did US-born patients (39%). Among those with known status, 1% of both US-and foreign-born children were HIV-positive (P = .58). Corresponding with their older age and clinical presentation (ie, more likely to have pulmonary TB), foreign-born patients were more likely to have a positive culture than US-born patients (43% vs 32%). Over 96% of culturepositive patients had initial drug susceptibility testing results, with higher proportions of isoniazid-resistant (11% vs 6%) and MDR (4% vs 1%) TB among foreign-born compared with US-born patients.
RESULTS

Characteristics of Children and Adolescents Diagnosed With TB
Country of Origin and Age at TB Diagnosis Among Foreign-born Children and Adolescents
Over half (52%) of all foreign-born patients were diagnosed between age 13 and 17 years (Table 1) ; on average, these adolescents had lived in the United States for 3.5 years before diagnosis. Top countries of origin among foreign-born children and adolescents were Mexico (19%), the Philippines (9%), Ethiopia (6%), Haiti (6%), Burma (5%), Somalia (5%), Vietnam (4%), China (4%), and India (4%). Children born in Mexico were generally older at TB diagnosis though younger at first arrival to the United States compared with other foreign-born patients (Fig 2) . The longest average time from US arrival to TB diagnosis was 4.5 years among patients born in Mexico, followed by Somalia (3.0 years), Vietnam (2.9 years), and India (2.7 years). The shortest average times from US arrival to diagnosis were among patients from China (1.2 years), and Burma and Ethiopia, averaging ,1 year (0.6 years) for the latter 2 countries. Children born in Ethiopia made up a disproportionate share of foreignborn patients with TB ,1 year of age (6 of 17 infants).
Epidemiologic Links to Known TB Cases and Primary Reason Evaluated for TB
Of 1680 patients with TB ,18 years old in 2009-2010 (Fig 1) , 201 (12%) were epidemiologically linked to at least 1 other patient with TB in the US National TB Surveillance database. Among 188 US-born children and adolescents, 103 (55%) were linked to a foreign-born case. Among 13 foreign-born children and adolescents, 2 (15%) were linked to a US-born case. Patients with TB to whom children and adolescents were epidemiologically linked ranged from ,1 to 87 years old and were predominantly Hispanic among both USborn (40%) and foreign-born (69%) patients. Among US-born children and adolescents, 39% of epidemiologically linked patients with TB were nonHispanic black.
Similar to the proportion among all patients ,18 years old, one-third (34%) of child and adolescent patients with TB with an epidemiologic link had a positive culture for M tuberculosis; among epidemiologically linked patients with TB (mostly adults), 90% were culture positive. A total of 60 pairs of child and adolescent patients and linked case patients had genotyping results, of whom 55 (92%) had identical or nearly identical TB genotypes (53 matched exactly; 2 differed by 1 position in spoligotype or 12-locus mycobacterial interspersed repetitive units).
Of US-born child and adolescent cases with epidemiologic links, 70% were initially evaluated for TB because they were contacts of a known case, whereas 16% sought attention for symptoms (Table 2) . By comparison, among USborn child and adolescent patients with TB overall, one-third (32%) were evaluated during a contact investigation, one-third (29%) were symptomatic, and 15% were diagnosed based on radiographic findings when TB was not initially suspected. Among foreign-born children and adolescents, similar proportions to the US-born overall were symptomatic (33%) or identified due to incidental radiographic findings (22%). All 13 foreign-born patients with epidemiologic links were assessed during a TB case contact investigation, compared with 8% of overall foreign-born cases; immigration medical examinations also yielded 8%. Targeted testing programs resulted in 4% of all child and adolescent TB cases, and 19% were missing data on reason evaluated for TB.
Country of Origin of Parents of Pediatric Patients With TB Aged ,15 Years
There were 1282 pediatric patients with TB in 2009-2010 (Fig 1) , including 291 foreign-born and 991 US-born patients. Data for parent countries of birth were available for 805 patients. Among foreign-born pediatric patients, leading parent countries of birth were the United States (15%), Mexico (12%), the Philippines (10%), Burma (8%), Haiti (7%), and Somalia (6%). Among USborn pediatric patients, leading parent countries of birth were the United States (35%), Mexico (29%), Guatemala (5%), India (4%), Vietnam (3%), El Salvador (3%), and Honduras (3%).
Among patients with data, 85% (169 of 198) of foreign-born and 66% (400 of 607) of US-born children with TB had at least 1 foreign-born parent (Table 3) . 
FIGURE 2
Mean age at US arrival and at TB diagnosis among foreign-born children and adolescents, United States, 2008-2010.
Forty percent (40%) of foreign-born pediatric patients with foreign-born parents were Asian, whereas 68% of US-born patients with foreign-born parents were Hispanic, and 43% of US-born patients with only US-born parents were non-Hispanic black. Among foreign-born pediatric patients with US-born parents, 62% were between age 1 and 4, 72% were black, and 15 of 29 were from Ethiopia. Foreign-born pediatric patients with foreign-born parents were older (mean, 7.8 years) than foreign-born patients with US-born parents (4.2 years) or US-born patients with a foreign-born parent (3.6 years) or only US-born parents (3.7 years; P , .0001 for all comparisons to foreign-born patient and foreign-born parent, no other significant differences). None of these children were reported to be positive for HIV infection; however, 51% did not have HIV status reported. Among children with positive culture and drug susceptibility results, 17% with any foreign-born parent versus 2% of patients with only US-born parents were infected with drugresistant TB (P = .004). In our data, 4% of pediatric patients with TB are foreign-born (not US citizens at birth) with only US-born parents, which may reflect international adoption. Because surveillance data do not ask Data collection instructions were, "Select the single primary or initial reason the patient was evaluated for TB disease…the situation or reason that led to the initial suspicion that the patient might have TB disease." Definitions: contact investigation: result of a contact investigation or source case finding; TB symptoms: signs and symptoms consistent with TB (eg, prolonged persistent cough, fever, lymphadenopathy, night sweats, weight loss) if patient seeks medical attention because of symptoms not to be selected if symptoms discovered during a screening program; abnormal chest radiograph: incidental chest radiograph consistent with TB disease, independent of other choices and not the result of suspicion of TB disease; targeted testing: positive result of tuberculin skin test or interferon g release assay administered because the patient was specifically high risk for TB (eg, persons from area of the world with high rate of TB) or as part of a testing program focused on specific groups at risk for TB, not to be selected if another reason (eg, contact investigation, immigration medical examination, employment/administrative testing, or health care worker status) is more appropriate; immigration examination: findings of a medical examination as part of the immigration application process; other: incidental laboratory result for clinical evaluation for something other than TB (eg, bronchoscopy or autopsy) or employment or administrative TB testing such as school-based testing or testing of health care workers; unknown: reason for evaluating the patient not known. Percent totals may vary slightly from 100% due to rounding.
International Residence History Among Pediatric Patients With TB
about adoption, we are not able to confirm this directly. Foreign-born children should be medically evaluated before leaving their home country and upon arrival to the United States. [17] [18] [19] [20] Children who are negative for TB infection should be reexamined within 6 months of US arrival and after any subsequent exposure to TB risk. [19] [20] [21] In national data, the majority of foreignborn patients younger than age 18 with TB are adolescents diagnosed after many years of residence in the United States. Foreign-born adolescents experience the greatest TB disease disparity relative to US-born persons of the same age. 15 Providers should not assume that latent TB infection has been assessed or adequately treated earlier in life, and should continue to assess TB exposure during patient encounters. 1, 13, 22 US-born children diagnosed with TB are younger than foreign-born patients, reflecting high TB rates among young children. 15 Similar to national surveillance for all US-born patients with TB, 2 pediatric patients with TB with only USborn parents are predominantly black (43%). Black persons in the United States are at increased risk for TB since they are more likely to be latently infected with TB 23 and have 8 times the rate of TB disease as white persons. 2 Children and adolescents at risk for TB include both those with foreign associations and those who have no international connections, but other demographic, socioeconomic, or clinical risks for TB, 13,24 which should be assessed during routine clinical encounters.
The fact that one-third (or more 13,25 ) of children and adolescents overall are symptomatic at initial evaluation suggests missed opportunities for identifying and treating TB infection to prevent TB disease. The fact that onefifth are identified based on incidental radiographic findings suggests that providers may not be "thinking TB," possibly leading to delays in care.
Compared with an earlier era, our data reveal that a higher proportion of children with TB have known HIV infection status, with a lower percentage reported HIV-positive than previously. 15 All persons diagnosed with TB disease or latent TB infection should receive counseling and testing for HIV. 26 However, reporting of HIV results to the US National TB Surveillance System is incomplete 2 and does not reflect fully data that may be available at the local or state level, which impacts the analysis of these data at the national level.
Importantly, TB drug resistance remains a concern. Children with foreignborn parents are more likely to have isoniazid resistance alone or in combination with rifampin resistance. Our findings are consistent with patterns among US-and foreign-born Hispanic populations in the United States. 27, 28 These data point to the importance of drug susceptibility testing among patients with TB to whom children are exposed, to gauge which children may require modified TB prophylaxis or treatment regimens. 26, [29] [30] [31] Similar to other studies, [32] [33] [34] we found that most (92%) child and adolescent patients with TB have identical or near-identical TB strains to a reported epidemiologically linked case. Combining contact tracing and genotyping can help identify presumed source cases, interrupt ongoing transmission, and aid treatment decisions. 25, [33] [34] [35] 
CONCLUSIONS
We estimate that three-quarters of pediatric patients with TB in the United States have potential TB exposures through foreign-born parents or residence outside the United States that might remain undiscovered if providers assess only country of birth of the child or adolescent when assessing TB risk.
As surveillance data for TB risk factors among pediatric patients become more complete, combining national data with local epidemiology and clinical assessments will be important for guiding TB control for the next generation. Continued attention to TB prevention and education are needed to achieve TB elimination among children in the United States.
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